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7 Brassica oleracea L. convar. acephala (DC.) Alef. var. gongylodes 
(Kohlrabi) 

8 Brassica oleracea L. convar. botrytis (L. ) Alof. var. cymosa Duch 
(broccoli ) 

and more preferably in cauliflower, white cabbage, Brussels sprouts 
and broccoli as identified above. 

The terra Ogura CMS cytoplasm as used herein refers to Raphanus sati- 
vum originating cytoplasm comprising mitochondrial DNA which confers 
male sterility to plants* The terra Ogura CMS Brassica oleracea plant or 
plant cell as used herein refers to a Brassica oleracea plant or plant 
cell comprising Ogura CMS cytoplasm. 

The protoplast fusion according to the invention may be accomplished 
by employing polyethylene glycol (PEG) causing agglutination, in the 
presence of a fusion buffer, ie a high pB solution to let the membranes 
fuse. Such somatic hybridisation may be effected under the conditions 
disclosed by Sundberg et al ( Plant Science A3 (1986) 155)1 for the pro- 
duction of interspecific hybrids or modifications thereof. An appro- 
priate procedure is as follows. 

The protoplast fusion according to the invention is conveniently 
effected in a protoplast fusion solution (FS-1), containing a buffer 
such as tris(hydroxymethyl)aminomethanehydrochloride, an osmoticum eg a 
carbohydrate such as m&nnitol, sorbitol, glucose or sucrose, and potass- 
ium and calcium salts. The pH can range froa 5.2 to 10, and is prefer- 
ably about 7.2. The protoplasts of different origin are mixed and con- 
centrated, conveniently to a final density of 10 s to 10* protoplasts per 
ml • 



The protoplast mixture should then be left undisturbed for at least 
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10 minutes to allow the cells to settle at the bottom of the petri dish. 
The mixture is then treated with polyethyleneglycol (PEG), preferably 
having a molecular weight from 1500 to 6000- In general good results 
are obtained when eg employing an aqueous solution comprising A0X by 
weight of PEG (FS-2) at a volume ratio FS-1 to FS-2 of from 10:1 to 1:1. 
FS-2 comprises conveniently an osraoticura and a calcium salt. The cells 
are incubated in FS-2 for 1 to 20 minutes depending on the fragility of 
the cells. 

The fusion is accomplished by washing eg twice, with fusion solu- 
tions containing PEG, in a lower concentration than in FS-2, an osmo- 
ticum (eg glucose or sorbitol) in a concentration giving a lower osrao- 
larity than FS-2 and a magnesium salt. 

Temperatures at which the fusion procedure is suitably carried out 
range between 20° and 2A°C, preferably 22°C. 

The concentration of PEG in the "washing solutions" is gradually de- 
creased with each consecutive washing step (see eg Example 9 and fusion 
solutions 3 and A). 

Each washing step should take at least 2 minutes to allow the proto- 
plasts to adjust slowly to the lower osraolartiy of the medium, to avoid 
bursting of the cells. 

After the cashing steps have been accomplished the fused protoplasts 
are placed in an appropriate culture medium. The density of the proto- 
plasts should b<a in the range of from 10* to 10« protoplasts per ml. 

Alternatively such protoplast fusion can be carried out by employing 
electric current. 

For the purpose of electrofusion, chains of protoplasts, consisting 



o 



o 



-1- 



221 1205 



137-1035 



IMPROVEMENTS IN OR RELATING TO ORGANIC SYSTEMS 



This invention concerns th<a development of nev parental lines of 
Brassica oleracea . The parental lines are used to produce hybrid seed. 
Specifically this invention enables a plant breeder to incorporate the 
desirable quality of cytoplasmic male sterility (CMS) into a commer- 
cially desirable variety o£ B oleracea , 

Male sterility is of value in B oleracea hybrid seed breeding be- 
cause normal flowers are self-pollinating, Male sterile lines do not 
produce viable pollen and cannot self-pollinate. By eliainating the 
pollen of one parental variety in a cross, a plant breeder is assured of 
obtaining hybrid seed of uniform quality. At present cytoplasmic male 
sterility is not readily available in B oleracea varieties. Commercial 
producers of hybrid seed use nuclear self-incompatibility systems to 
avoid self-pollination during seed production. This system is inaccur- 
ate and results in impure hybrid seed lots. Also, it is tiae consuming, 
laborious and thus costly to introduce this genetic systea into all 
breeding lines. In Raphanus sativus a cytoplasa has been discovered 
that confers male sterility. This cytoplasa is known as Ogura CMS cyto- 
plasa and the DNA froa the mitochondria and chloroplasts contained in 
the cytoplasm is genotypically different froa the DNA in the cytoplasa 
of fertile B oleracea plants. The Ogura type CMS cytoplasm can be in- 
troduced in B oleracea by repeated back crosses. In the resulting Ogura 
CMS B oleracea plants the mitochondria of R sativus result in a CMS 
phenotype. The presence of the chloroplasts of R sativus however re- 
sults in chlorosis when the plants are grown at low temperature which 
consequently results in yield losses. This ookes this type of Ogura CMS 
B oleracea plant o£ littlQ use in cooaGrcial hybrid seod production. 

The present invention provides B oleracea plants having mitochondria 
of the Ogura CMS cytoplasm and cold tolerant chloroplasts of normal 
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fertlle B oleracea. The plants according to the invention have cytoplasmic 
male sterility, but will not show chlorosis when grown at low temperature. 



Tho present invention further provides a procass of preparing B 
oleracea plant material having cytoplasmic male sterility and commer- 
cially desirable nuclear traits, which do not show chlorosis vhen grown 
at low temperatures. Such CMS B oleracea plants are obtained by fusion 
of B oleracea protoplasts having coamercially desirable nuclear traits 
with inactivated or nucleus-free protoplasts of an Ogura CMS B oleracea 
plant, followed by regeneration into plants of the thus obtained allo- 
genic cells* 

The present invention is particularly suitable for the production of 
CMS in the following B oleracea varieties: 

1 Brassica oleracea L. convar. acephala (DC. ) Alef. var. botrytis L. 
(cauliflower) 

2 Brassica oleracea L. convar. capitata (L.) Alef. var. alba DC (white 
cabbage) 

3 Brassica oleracea L. convar. oleracea var, gemmifera DC (Brussels 
sprouts) 

4 Brassica oleracea L. convar. acephala (DC.) Alef. var. sabellica L. 
(curly kola) - 

5 Brassica oleracea L. convar/ capitata (L.) Alef. var. sabauda L. 
(Savoy cabbage) 

6 Brassica oleracea L. convar. capitata (L.) Alef. var. rubra DC. (re< 
cabbage) 
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of lines of max 8 cells, eg 5 cells, are subjected to a direct current 
(DC)-puls<a ranging from ©g 400 to lOOOV/cm with a pulse duration of eg 
10 to 50 us. The thus fused protoplasts are conveniently retained for 
some time in the electric field eg 1 to 2 seconds, before the electric 
field is turned off to give the protoplasts some time to regain their 
round shape. 

The chains of protoplasts may be prepared in a manner known per se, 
by subjecting the protoplasts to an alternating current (AC)-elec trie 
field. Optimal conditions are determined by varying the alternating 
field frequency, eg around 1 MHz , and the voltage up to 150 V/co, so 
that the cells are lined up within a few minutes. 

The thus obtained fusion products may be regenerated in the presence 
of non-fused parental protoplasts, or after optical selection from the 
culture. Such optical selection may be performed by micro-manipulation 
of the cells, eg according to the procedure disclosed by Patnaik et al, 
Plant Science Letters 24 (1982) 105, for the manual isolation and iden- 
tification of plant heterokaryons , or by using a cell sorter, eg accor- 
ding to the procedure disclosed by Gliraelius et al, Plant Science 45 
(1986) 133, for the selection and enrichment of plant protoplast hetero- 
karyons by cell sorting. 

When employing the selection strategy, the parental protoplasts are 
for example stained with fluorescent dyes, eg fluorescein isothiocyanate 
whereby, whens one of the fusion partners is of leaf origin, autofluor- 
escQnce of the chlorophyll may be used for selection. 

The thus obtained fusion products are cultivated in an appropriate 
culture medium comprising a well-balanced nutrient supply for protoplast 
growth, containing micro- and macro-elements, vitamins, aaino acids and 
small amounts of carbohydrates, eg various sugars such as glucoso. Glu- 
cose serves as a carbon source as well as an osooticum. The culture 
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medium comprises plant hormones (auxins and cytokinins) vhich are able 
to regulate cell division and shoot regeneration. Examples of suitable 
auxins are naphtyl acetic acid (NAA) , 2, 4-dichlorophcnoxyacctic acid 
(2,4-D) and indoleacetic acid (IAA) • Examples of suitable cytokinins 
include benzyl aminopurine (BAP) and zeatin (Zea). In general NAA and 
2,4-D are used in combination vith BAP to initiate cell division. The 
ratio auxin/cytokinin must then be high, eg greater than 1. 

After 7 to 10 days the concentration of auxins is conveniently dil- 
uted by addition of the same culture medium, but without or substan- 
tially less auxins. Typical star-shaped oicrocalli vill in general have 
developed after 3 - A veeks. Such microcalli vill then be transferred 
to a regeneration medium to initiate shoot formation, preferably after 
adaptation in an intermediate regeneration medium to differences in 
composition and physical properties between the culture eedium and the 
regeneration medium* 

For shoot formation the .ratio auxin/cytokinin in the regeneration 
medium should conveniently be lov, eg belov 1:10. In general it vill be 
preferred to employ the auxin IAA in combination vith the cytokinins 
Zea and BAP for shoot regeneration. 

The regeneration media, BR-1 and BR-2 are relatively poor media 
compared to the culture medium. They contain less vitamins, the content 
of carbon source is lover, they comprise solely sucrose and xylose as 
carbon sourcer, and do not contain amino acids and coconut milk. The 
regeneration media also have a higher viscosity than the culture medium. 
BR-1 is semi-solid and contains the growth regulators NAA, 2,4-D and 
BAP, vith the ratio of auxin to cytokinin being less than 1. BR-2 con- 
tains Zea and BAP and optionally IAA. 

After 4-6 veeks regeneration in BR-1 medium calli f approximately 
3mm in diameter are transferred to BR-2 regeneration medium containing a 



o 



o 



137-1035 



-7- 



low sucrose concentration. At this stage shoots vill develop vithin 2 - 
3 weeks. 

The obtained shoots are then rooted on a basic medium, MS, without 
addi t ional hormones . 

The nuclear DNA and cell organelle DNA of the thus obtained plant- 
lets may then be identified in a manner known per se, eg employing sui- 
table restriction endonucleases and comparing the thus obtained DNA 
digest pattern of the fusion products with that of the parental lines, 

Brasslca oleracea protoplasts and inactivated or nucleus-free proto- 
plasts of an Ogura CMS Brassica oleracea plant, employed herein as star- 
ting material may be obtained in a manner known per se from the corres- 
ponding plant cells. 

Cell wall-free cells, ie protoplasts are obtained from green plant 
material eg leaf material, and/or from white plant material eg etiolated 
seedlings, cell suspension cultures, roots or bleached plant material, 
according to conventional methods, eg according to the method disclosed 
by Glimelius, Physiologia Plantarum 61 (1984) 38, for the regeneration 
of hypocotyl protoplasts. 

Where optical selection of the fusion products is intended the star- 
ting materials will be conveniently selected from a green plant or where 
they arcs froq. white plant material they will advantageously be stained 
to facilitate selection. 

The inactivated or nucleus-free protoplasts of an Ogura CMS Brassica 
oleracea plant are obtained in a manner known per se from corresponding 
Ogura CMS Brassica oleracea plant cells or protoplasts, eg by irradia- 
tion or by standard methods known for the reaoval of the nucleus from 
cell material such as centrif ugation . 
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The inactivation of the nucleus by irradiation can be effected vith 
th« aid of gamma, UV or X-rays. 

Where irradiation is effected with an X-ray source, nucleus inactiv- 
ation will in general be obtained by applying a dose of eg 10 krad/min 
for 3 to 20 minutes. 

The appropriate X-ray dosage may for example be established by de- 
termining the minimum level of X-ray irradiation killing 100X of the 
protoplast population: the percentage of dead cells is eatiaated by 
counting the number of formed colonies after 10 - 20 days in culture. 
To obtain optimal conditions for the development of cell colonies at low 
density, it is desirable to use a feeder layer, a pre-conditioned cul- 
ture medium, or an appropriate cell rescue procedure. Upon determina- 
tion of the minimum dosage required for the inactivation of cell divi- 
sions, the protoplasts are exposed to five increments of X-ray level: 
the minimum dosage, 10 and 20 krad above and below the miniraua dosage. 
The thus obtained protoplasts are then introduced in the process of the 
invention. 

Satisfactory nucleus inactivation in general may also be achieved by 
gamma irradiation with <0 Co at a dose of 3 - 30 krad. 

Nucleus elimination may also be carried out by incubation of proto- 
plasts in high osmotic medium to obtain nucleus free subprotoplasts. 

An appropriate method for the removal of nuclei by ultracentrifu- 
gation suitable for the preparation of the nucleus-free protoplast star- 
ting material of the invention is disclosed by Spangenberg in the EURO- 
PEAN JOURNAL OF CELL BIOLOGY 39 (1985) 41-45, Cy tochalasine-B is advan- 
tageously added to facititate the release of the nuclei from the cells. 

Ogura CMS Brass ica oleracea plants may be obtained by classical 
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breeding techniques from B oleracea and CMS Raphanus sativus (see intro- 
duccory part of this application). 

It vill be appreciated that the Brassica plants of the invention may 
be employed as starting material for the preparation of other Brassica 
oleracea varieties having the desired mitochondria of the Ogura CHS 
cytoplasm and chloroplasts of normal fertile B oleracea and optionally 
additional desirable traits by in vitro and/or crossing techniques. 
Such in vitro and crossing techniques are knovn in the art by the 
skilled breeder. 



Solutions employed in the experiments: 



a) TVL solution 

0.3H sorbitol 

0.05M CaCl 2 .2H 2 0 pH « 5.6 - 5.8 

b) Enzyme solution 

0-6 - IX cellulysin 
0.1% eiacerase 

dissoloved in BR-1 but vith 2 x sucrose concentration, no agarose 
and 10 x concentration 2,4-D 

pH a 5.4 - 5.8 



# 
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U5 solution (1L) 



18. 4g CaCl, .2H 2 0 
9.0g NaCl 
l.Og glucose 
0.8g KC1 



pH = S.6 



- 5.8 



d) 



CTO163 (1L) 

16% sucrose 
0.0272 g KHjP0 4 
0.1010 g KN0 3 
1.4800 g CaClj^HjO 
0.2460 g HgS0«.2H 2 0 
0.00016 g KI 

0.000025 g CuS0«.5H 2 0 pH » 5.5 - 5.8 



Fusion solution-1 (PS-1) 

0.15 M sorbitol 
0.03 H CaCl a .2e a 0 
0.075M KC1 

0.05 M tris<hydroxymethyl)arainoraethanehydrochloride 



pH = 7.2 



£) Fusion solution-2 (PS-2) 



30-40X PEG (aw 1500) 
0.3 M glucose 
50 mM CaCl 2 .2Hj0 



g) Fusion solution-^ (FS-3) 

13. 3X PEG (mw 1500) 
0.1 M glucose 
0.067 M sorbitol 
0.067 M CaCl 2 .2H a 0 
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h) Fusion solution-^ (FS-4) 

6.7X PEG (mv 1500) 
0.05 M glucose 
0.083 M sorbitol 
0.083 M CaCl 2 .2H 2 0 



Table 1 : COMPOSITION OF THE MEDIA (ng/1) 





MS 


BC-1 


BC-2 


BR-1 


BR-2 


KNOj 


1900 


1900 


1900 


2500 


2500 


NH 4 N0) 


1650 


600 


600 


250 


250 


HgS0 4 .2H 2 0 


370 


300 


300 


250 


250 


KH 2 P0, 


170 


170 


170 






CaCl 2 . 2B 2 0 


440 


600 


600 


300 


300 


KC1 




300 


300 






NaH 2 P0 4 .B 2 0 








150 


150 


<NH 4 ) 2 S0 4 








134 


134 


KI 


0.83 


0.75 


0.75 


0.75 


0.75 


HnS0 4 .4H 2 0 


22.3 


10 


10 


10 


10 


H 3 B0, 


6.2 


3 


3 


3 


3 


ZnS0 4 .2H 2 0 


8.6 


2 


2 


2 


2 


NaMo0 4 .2H 2 0 


0.25 


0.25 


0.25 


0.25 


0.25 


CuS0 4 . 5H 2 0 


0.025 


0.025 


0.025 


0.025 


0.025 
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MS 


BC-1 


BC-2 


BR-1 


BR-2 


CoCl 2 .6H 2 0 


0.025 


0.025 


0.025 


0.025 


0.025 


Fe-EDTA 


43 


43 


43 


43 


43 


Thiamine-HCl 


0-1 


10 


10 


10 


10 


Pyridoxine-HCl 


0.5 


1 


1 


1 


I 


Nicotinic acid 


0.5 


1 


1 


1 


1 


Ascorbic acid 


- 


2 


2 


- 


- 


Sodiurapyruvat 


- 


20 


20 


- 


- 


Citric acid 


_ 


40 


40 


- 


- 


Haleic acid 


— 


40 


40 


- 


- 


Fumaric acid 


— 


40 


40 


- 


- 


Glycine 


2 


- 


- 


- 


- 


Fructose 


_ 


250 


250 


_ 


— 


Ribose 




250 


250 


- 


- 


Xylose 


_ 


250 


250 


250 


250 


Kannose 


- 


250 


250 


- 


- 


Rhamnose 




250 


250 


- 


- 


Cellobiose 


- 


2.50 


250 


- 


- 


Sorbitol 




250 


250 


- 


- 


Hanni tol 


_ 


250 


250 


- 


- 


Inositol 


100 


100 


100 


100 


100 


Sucrose 


★* 


250 


250 


70000 


5000 


Glucose 


- 


68400 


66400 


- 


- 


Casamino acid 


- 


250 


250 


- 


- 


Coconut water* 


_ 


20 


20 


- 


- 


Agarose 








2000 


4000 


Agar 


6000 










NAA 




0.1 


0.1 


0.1 




2,4-D 




1 




0.1 




IAA 










(0.1) 


Zeatin 










1 


BAP 




0.5 


0.5 


0.5 


0.5 


* ml/1 ** see 


examples 
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EXAHPLES 

Example 1 : Seed sterilisation and gemination 

Seeds of Brasslca oleracea , Delira type cauliflower with CMS cyto- 
plasm from Raphanus satlvus CMS Ogura (hereinafter designated B oleracea 
A 61043) are briefly dipped in 20X alcohol and sterilised in a IX sodium 
hypochlorite solution for 20 minutes on a gyrotary shaker at 160 rpm at 
22°C. Afterwards extensive rinsing with sterile distilled water is 
required. The seeds are placed on the MS nutrient medium (see Table 1), 
with IX sucrose and without hormones. To obtain green sterile plant- 
lets, the seeds are grown on replica plates in the light (3000 lux), 
16hr photoperiod at 22°C. Sterile shoots are subcultured under the same 
conditions in plastic containers. 

To obtain white tissue for protoplast isolation, eg hypocotyls, the 
seeds are grown in petri plates in the dark at 22°C. 

Example 2: 

Analagous to the procedure of Example 1, seeds of Brassica oleracea , 
cultivar SG 121 a |cauli flower) are sterilised and germinated, 
(a) deposited Dec. 8, 1987 at the American Type Culture Collection under 

ATCC designation number 40399. 
Example 3: Isolation of protoplasts 

Four week, old sterile shoots of plant material according to Exaaple 
1 are cut into small pieces and preplasmolysed for approximately 1 hour 
in TVL solution in the dark. 

TVL solution is removed and a check for bacterial contamination of 
the plant material is done, by means of culturing a part of the incub- 
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ated TVL solution over night in bacterial medium at 22°C. 

To the material is added an enzyme solution, containing 0.6 - IX 
cellulysin and 0,1% raacerase and the material incubated for 16 hours in 
the dark at 22°C, 

The suspension is then filtered through nylon mesh (70pra) and washed 
with half volume of CPU16s solution by centrifugation at 750 rpm for 7 
minutes. This results in floatation of the intact protoplasts. The 
protoplasts are collected and rinsed first with U5 solution and then 
washed with fusion solution-1 by centrifugation at 500rpm for 5 minutes. 



Example A: 

Eight day old hypocotyls of the plant material according to Example 
1 are isolated according to the process of Example 3, except that during 
the enzyme treatment lug/ml of fluorescein isothiocyanate is added. In 
this way stained protoplasts suitable for hand or machine selection are 
obtained. 



Example 5: 



Seeds of Brassica oleracea , cultivar SG 121 (cauliflower) are ster- 
ilised and germinated according to the procedure of Example 1, and A 
week old sterile shoots thereof are then treated according to the pro- 
cedure of Example 3, to give protoplasts of B oleracea, cultivar SG 121. 



Example 6: 

Seeds of B oleracea, cultivar SG 121 (caullf lover) are sterilised 



o 
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and germinated according to the procedure of Example 1, and 8 day old 
hypocotyls thereof are then treated according to the procedure of Exam- 
ple 3, except that during the enzyme treatment lug/ml of fluorescein 
iso thiocyanate is added to give stained protoplasts suitable for hand or 
machine selection. 

Example 7; Irradiation of protoplasts 

Freshly isolated protoplasts according to Example 3 are plated in a 
6 cm petri dish in V5 solution (2ml), The protoplasts are irradiated 
using an X-ray source (Baltobloc CE 100), at a dose of 10 krad/rain, for 
5 to 20 minutes. After irradiation, the inactivated protoplasts are 
diluted in fusion solution-1 before being used for fusion experiments. 

Example 8: Cytoplast isolation by ultracentri fugaton 

A gradient consisting of 10ml water saturated with sucrose and a top 
layer of Ami 1.5M sorbitol, containing 0.5X dimethyl sulfoxide (DHS0) 
and 30wg/ml cy tochalasine-B and 2ral (° 1 x 10 6 ) protoplasts according to 
Example 3 in fusion solution-1 are loaded on top thereof. The material 
is subjected to centrif ugation for 15 minutes at 40,000 x g at 25°C, to 
give nucleus-free cytoplasts of B oleracea A 61043. 

Example 9: Fuoion procedure 

Protoplasts according to Examples 5 and 7 are mixed 1:1 in a final 
concentration of 5 x 10 3 protoplasts (pps)/ml fusion solution-1 in a 
sterile chamber under sterile air flow. 

Droplets of 200yl are placed in an uncoated petri dish (5-7 droplets 
per 6cm petri dish), and are allowed to settle for 15 minutes. (The 
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sterile air flow is turned off to avoid disturbance of the settling 
protoplasts.) Fusion solution-2 (25 - lOOul per droplet) is added to 
induce agglutination for 3-7 minutes. 

The sterile air flow is turned on again, and the solution is replac- 
ed by fusion solution-3 for 5 minutes. Then the solution is replaced by 
fusion solution-4 for 5 minutes. Finally the fusion solutions are re- 
placed with 1.5ml culture medium (BC-1). 



Example 10: Selection and growth of fusion products 

Fused cells, which can be recognised visually by the presence of 
double fluorescence are picked up with a micromanipulator. 

Hybrids or cybrids are cultured in Biopor filter membranes, diameter 
1.1cm or 3cm with pore width of 0.45 - 3pm, containing 100 to 10 3 cells 
per ml of culture medium-1. The filters are placed in a petri dish 
containing 2-2. 5ml feedercells (10* per ml) and the material is incuba- 
ted at 22°C in the dark. 

When 20% of the cells are dividing, culture medium-2 is added. 

When typical star-shaped aicrocalli have developed, they are trans- 
ferred to regensration medius-1 (BR-1) in coated petri dishes and cul- 
tured at 22°C and 500 lux for A - 6 weeks. 



Example lis 

Stained hypocotyl protoplasts according to the procedure of Example 
A are irradiated according to the procedure of Example 7. Thus obtained 
inactivated, stained protoplasts are fused with the protoplasts accord- 
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ing to Example 5 and the fused protoplasts then selected employing a 
cell sorter equipped vlch a mercury lamp (RB 100) for tvo parameter 
fluorescence sorting. 

The fluorescence excitation beam of the cell sorter is set betveen 
488nra and 500nm. The emission beam coming from the excited cells is 
split by "dichroic^mirrors into tvo light beams: one vith vavclengths 
between 560 and 610no, representing the au tofluorescence of the chloro- 
plasts, and the other vith vavelengths betveen 500 and 560nm f represen- 
ting the fluorescein isothiocyanate fluorescence. Tvo pho tomultipliers 
are used <o measure these signals. The sheath fluid (carrier fluid used 
in the cell sorter to dilute the protoplast sample into a continuous 
liquid stream) contains aucociaved and degassed V5 medium. 

The sorting is based on the principle that fluorescence of non-fused 
parental cells shov only single fluorescence (red fluorescence of leaf 
oesophyll protoplasts or fluoresceine isothiocyanate yellov/green fluo- 
rescence of the stained hypocotyl protoplasts) vhile fused cells vill 
shov double fluorescence (red and yellov/green). 

Sorted hybrids or cybrids are cultured in a manner identical to that 
used for cells selected by micromanipulation. 

Example 12: 

The entire fusion mixture according to Example 9 is kept in the 
petri dish in vhich the fusion vas performed and cultured in the dark at 
22°C. After 1-2 days the cells are pipetted and transferred to a coated 
petri dish. After about 7-K days vhen 102: of the cells are dividing, 
tvo volumes of culture aedium-2 (BC-2) are added. After 10 days another 
volume of BC-2 is added. The cells are still cultured in the dark at 
22°C. After 2-4 veeks, vhen the cells have formed typical, star- 
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shaped microcalli, they are transferred to regeneration mediucn-1. The 
microcalli are cultured in low light intensity (500 lux), 16 hour photo- 
period at 22°C. 



Example 13: Plant regeneration 

The calli according to Example 10 and Example 12, having developed 
to a size of 2-5mm in diameter are transferred to regeneration med1um-2- 
(BR-2) and cultured at 22°C and 3000 lux, 16 hour photoperiod. Shoots 
of about 1cm are transferred to MS medium vrith 1% sucrose without 
hormones and rooted on the same MS medium. 



Example 14: Holecular analysis of the fusion products 



a) Nuclear DNA composition 



Characterisation o£ the nuclear composition of the fusion products 
is effected by using specific DNA probes- A 0.9kb Kpn I/Bam HI fragment 
of the beta-tubulin gene of Arabidopsls thallana hybridises vith various 
bands in an endonuclease digest pattern of nuclear DNA of the CMS donor f 
B oleracea A 61043. This pattern is specific for B oleracea A 61043 and 
differs from the B oleracea breeding lines that are used as acceptor for 
the CKS trait (figure 1A). 



b) Mitochondrial DNA cocaposition 

Characterisation is effected vith pBO 604 DNA, a clone containing a 
1.5 kbp Sac I fragment from the mitochondrial DNA of Ogura CMS cytoplasm 
of Raphanus sativus . This clone gives hybridisation signals vith res- 
triction endonuclease digests of mitochondrial DNA from Ogura CMS cyto- 
plasms of B oleracea , A 61043 but not vith mitochondrial DNA 
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from fertile cytoplasm of B oleracea breeding lines (figure IB), 
c) Chloroplast DNA composition 

The DNA present in the chlorosis sensitive chloroplasts of the Ogura 
CMS cytoplasm is characterised vith the probe lambda Bcp 17. This clone 
contains a A. 5 kpb Xho I/Sac I fragment from Ogura CMS chloroplast DNA. 
The clone hybridises vith a 57.5 kpb band in the Sal I digest of Ogura 
CHS chloroplast DNA and vith a 9.9 kbp band in the Sal I digest of 
chloroplast DNA from fertile cytoplasms in B oleracea breeding lines 
(figure 1C). 

The figures 1A, IB and 1C are accurate hand dravn copies of photo- 
graphs . 




CLAIMS 

1 CMS Brassica oleracea plants containing mitochondria of the Ogura 
CMS cytoplasm and chloroplasts of normal fertile Brassica oleracea. 

2 CMS Brassica oleracea plants according to claim 1 vhich are selected 
from the group consisting of cauliflower, white cabbage, Brussels 
sprouts and broccoli. 

3 Process of preparing CMS Brassica oleracea plants of claims 1 and 2 
vhich comprises: 

a) fusing protoplasts of B oleracea having commercially desirable 
traits with inactivated protoplasts or nucleus-free protoplasts 
of an Ogura CMS B oleracea plant followed by regeneration of the 
thus obtained allogenic cells. 

b) employing the CMS B oleracea cells or plants obtained according 
to process a) of this claim or the progeny thereof as starting 
material for the preparation of CMS B oleracea plants of claims 
1 and 2 by in vitro and/or crossing techniques. 
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